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(57) Abstract: A GaN semiconductor device 
improved in the heat resistance of a Schottky 
junction electrode and excellent in power 
performance and reliability. A semiconductor 
device having a Schottky gate electrode (17) 
in contact with an AlGaN electron supply 
layer (14), wherein the gate electrode (17) 
has a laminate structure consisting of a first 
metal layer (171) formed of any one of Ni, Pt, 
Pd, a second metal layer (172) formed of any 
one of Mo, Pt, W, Ti, Ta, MoSi, PtSi, WSi, 
TiSi, TaSi, MoN, WN, TiN, TaN, and a third 
metal layer formed of any one of Au, Cu, Al, 
Pt. The second metal layer, consisting of a 
material having a high melting point, acts as a 
barrier against the mutual diffusion between a 
first-metal-layer metal and a third-metal-layer 
metal to restrict gate characteristics deterioration 
due to a high-temperature operation. The 
first-metal-layer metal in contact with the 
AlGaN electron supply layer (14) has a large 
work function to thereby provide a high Schottky 
barrier and hence a good Schottky contact. 
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P t S i . WS i. TiSi. TaSi. 
MoN, WN. TiN. TaNOHti^Iw^y^fiE^+tfcSa&aJSl 72. Au. Cu. Al. P t (Dffitl 
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mmm 

&Z> e ZL<D¥m&mmfo* MZ.lt* (U. K. Mi shra) e.(C<fc 

shirt ■< • • -f r— • h^>-tf^>-3 >x • • t-t^d^o: 

-^•ttU--7>H , f^-^^( IEEE Trans. Microw 
ave Theory Tech. )> 6#, I6f, 7 5 61, 1998 

lths. jw&wfcfck i7-7T-rrmm6 i±£, s^t^^-^a (a in) 

*6ft«/t*;77l6 2, SfcflstfU^A (GaN) ft^H63, mt7)V 
$-r7A • #U £A (A 1 GaN) «f MI6 4^I«$nx, R-tf"? 

fLTv A 1 GaNtfMI6 4l:ilTV-7il6 S^HK>1 
*6D3^»J6K$n. un&y-^«!6SRtfHH>«S6DttA 1 GaN 
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FW>«ffi6D£toi:»6IHU JL^> Al GaNSf«I6 4ilit5i 
5 6 7 ft, Ml6 7«AlGa NffMI 64t 

hiSTSS. dJlT?^~h«ffi6 7«, AlGaNlfft»I6 
4Kft-r*N iI671i, lNi!67 1 l:it§Aul6 7 2 t©2ii 

G a N> A 1 GaN^©GaN^i^0S/3 y h^IWTH 7 

M^C (Wm) fcNMHttOVHBftl* (xs) ©iT^Hl^nS. 
<*>B=Wm- % s • • * (1) 

GaNl64t»U -i.^> ftlH^ft^I, 00 ^L«, Ni, Pt* P 
d^S)5:S^Ii6 7 lTft^lt^fc. Aul6 7 2li «M£>J£ 

ffi£<£«*r5fc&fcE<&&JWB6 7 ubic^^fts. 

Ni, Pt, P d^>3 v h3r— &&nM6 7 »^'>ay H 

*-»S**»Sn«>R®* 09&fc£ N i fcMg^/&J&S#!J 3 5 3t:iteV>&£, & 
«CT5fc£T&*£V> 5 G aN£±fc5Wit5 WSiT 

tt, hlA/mm) &tfii5WEE (~ 1 0 0 V) ^ensfcft, 

(l-10W/mm) T©»ffr&**JtEK:fc:5. ^(D£5&MM£S 

G aN^tftt©->3 7 h+-tti»^t5N i > Pt, PdOftlfiS^J: 
tf, Ni, P t , Pd £&JRJ1 6 7 2 tiitSAu t<Dffl<D&&<kK!foi)m 

tt» hfcflK (A/mm) 5Sl/. h - >*JEE (V) 
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El 1 fc^tf*©^i#gl©illt0t-yx • ^D77-fMS 
t@T^5. 0 SSE^lC^-— S?x3ftft (a. u.) £5*U Stffl 

fcX/^*P*IHI (#) &7*?o ms tm4 t&tk&T&Z-t-Cs ®l\Z7F?$t 
3fe0¥&tt£1ETtt 5 0 O'CcDMaicJcDN i fcAu©fflK4Ktt3&*£i;3C. 

Id J; D N i tAuOD^-fb^ii^n, N i Au-gr&©OTWSto*N i ©ft* 
»»J:0/hSV^«)KlA 1 GaNtfM164 tOWva^ h3f— PM 
AifiTl/fc , b©tt^6tl5. JfiHftT»5'3 y 7 1 £ 

N iOAlGa N 6 4^©«HK**«^D, «V^Jpffi30*»ri8 

<D#MWU Ga v Ali- v «BU O^v^l) III l&Mjt 

x. tm$'ayb*—m&&mm\*s wm*&&m\z&m'tz>mi&mm*i* 
mm i &mmizmmtz>m 2 &jsji 112^11 tcsHUrr 3 &jg® t 



WO 03/107431 



4 



PCT/JP03/07676 



tulBfgl&JSSte, Ni, Pt, Pd, N i z S i i - z , P t z S i i- 
z , Pd z Sii- z , Ni z Ni- z > Pd z Ni- z «&U 0<z<l) 

£ o fzzwfr ^m^ntc^-fn^o^munxm^x^ & < , mmm 2 & 

mm\Z* Mo, Pt, W, T i, Ta, Mo x S i i- x , Pt x Sii- x > 
W x Sii_ x > T i X S i i- x , Ta x S i i- x , Mo x Ni- x , W 
x Ni- x , Ti x Ni- x , Ta x Ni_ x (fll> 0<x<l) 

mfrzmRznrc.^nfr<D&mtimxmj&vx i b^K Hfc m^s^m 
m\t, au, cu, ai, p t &y)fc&mfrzmRznt^irnfr<D&mttH 

£f£b<te, MfB^ 1 ^Ilfi N i z 1 S i i-z 1 (<&U 0- 4 ^ z 
1^0. 75) . Pt z 2Sii-z2 0- 5^z2^0. 75), 

Pd z 3Sii- z 3 (fit, 0. 5 ^ z 3 ^ 0 . 85) , N i z 4 N l - z 
4 (fib, 0. 5^z4^0. 8 5) , Pd z 5 N l-z5 <<E.U 0. 5^ 
z5^0. 8 5) .kO^^P^^ia^^nfcVi-rn^CD^M^T^bTfe 
ck<> itflfBKI2£JgJlte, Mo, Pt, W, Ti, Ta, Mo x S i i- x , 
Pt x Sii- x , W x Sii- x , Ti x Sii_ x , Ta x Sii_ x , 
Mo x Ni- x , W x Ni_ x , Ti x Ni- x , Ta x Ni_ x (fib, 0 

<x<d ^^t^m^^m^nr^irn^<D±mM^xM^vxh^o 
hk» mih^3^««, au, cu, ai, p t &?)f£z>mfrt>mnt£nfc 
^•?nfr<D&mtmxMi& vx&&^ 0 

mmt£2&mm<Dn&\z. $f£u<&i 0 0 o-cj^ji, ^k,b^v<ui 5 
0 cceui-e&So 



WO 03/107431 



5 



PCT/JP03/07676 



!tf|B¥ig#Jite, Al u Gai- u Nl U&U O^u^l) 

fufBG aN^ft^l^t *JWB»G a N&tf I n G aNiO^Sf^ 
e>^^n^{b^tl¥S#:T^b, miBG aN^^^lMfMIti 
A 1 GaN«l#§. 

ik&m*m&?- y ^;n« b#§ . 

jiff IB G a N^tlfiftft^JHaG a NR^ I n G a N<k 9 
&a^Snsftl'&«j¥2»#'r«l^bx MIBG aN^^iffftt^MItt 
A 1 GaNT?Ml#5. 

S&I3¥^B«, niGaN^t^HT'MLiS. 

;£fgHj<7}Sg- <7>#J®te, Ga v Ali- v <fi b» O^v^l) III WJtc 

* ©^e^ <t b n &vm&7tm<D3zi$.ft t-r & e> & * *M&m 

t, hubs' a * h3r-^&jgjite> MU*m&m\z&M'?2>$£i&J%m£s 
i &jM£«ttrr z>% 2 &mjb t &^-tr»ui«»* e> & o , Mian i &s 

Jffet, KISBSg2^JRJB<kOilfcj***ie5^JR^^5*:t3» SufBK§2&PJite:, 
t&SBffl 1 <fc DStaW<£V^P#^&^S#^#^«T*So 

DftCfel&JRJItt* NiySil-y, PtySil-y, P dy S i 1 _ 
y> NiyNl-y, PdyNl-y (fib, 0<Y<1) <fc 0 S tfcfr £ S 

Rznfc^ftfrcD&mtmT'mi&is'&Zo ic, mibis 2 ^miite, au, 
cu« ai, p t&Qfc%mfrbMfc£nfr^?nfr<D&mttnT'mj&Lnzo 

J;0$f*b<«, MIBmi^S)i«> N i y i S i i - y i (fib, 0. 4 
^yl^O. 7 5) , Pt y2 Sii-y2 (fit, 0. 5^y2^70. 5), 
Pdy3S i i_ Y 3 (lib, 0. 5^y3^0. 85) , Ni y4 N 1 - y 
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4 «BU 0. 5^y4^0. 8 5) , Pdy5Ni-y5 (fit. 0. 5^ 

y5^o. 8 5) &Q?z%mftzmRzntz^Tnfr<D&mtm^m}$,v'&% 0 
jsk:, mft$&2&mm\t* au, cu, ak ptio^s^^iD?^ 

MfB^#:ji^> Al u Gai- u Nl (fib, O^u^l) T$iJ&l4#£o 

ffffBG aN^lil^ft^iH^G a NRtf I n G aNJ;^» 

A 1 GaN-e#iJ&L#&. 
flMB¥3H*JIfcJu G a N^{b-&^¥^#m^^M±^7^^$tl7cG aNl 

tulBG a N^ifc^W^^^WlteG a NRtf I n G a NJ; K>foZ>mfr 
6> tl^^#I#^#-r HtJ& SufBG a N ^fc^¥^fc«^#y&Jf « 
A 1 GaN«li§. 

mjfB¥2*teJIfcL niGaNft^H«l/#5. 

*mW(D?g=<Dmn\Z. GavAli-v ({it, O^v^l) III $j#J7C 
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femmmfrbte®* mmmi&mmu. n i, p t, Pd, n i z s i i_ z , 

Pt z Sii- z , P d z S i i - z , Ni z N!- z , Pd z Ni- z «S 

i/, o<z<n .fco^s^&jURsnfcvi-rn^o^jpsft^&^D* m 

fBB2&JRJgteu Mo, Pt, W, Ti, Ta, Mo x S i i- x , Pt x S 
il-x^W x Si.i_ x , Ti x Si!- Xl Ta x Sii- x , Mo x N 
1-x* W x Ni- x> Ti x Ni- x , Ta x Ni_ x (fU 0<x<l) 

au, cu, ak p t &K)fc%mfrzmRznr£^nfr<D&mttmfr*>i3i 
*&momm<Dmw}** g a v a i 2 _ v «a u o =s v ^ i > & m mjtc 

* ©ifej6&# <t LN^V ftffifTcA £ -T -5 fb^¥*S#^ 6 75: S 

NiyS 1 l-y, PtySl 1-y, PdySi l_y, NiyN^y, 

pdyNi-y «au o<y<i> «fcofes»*>&a^$nfcVi-rn^©^ 
K*ma>£fc?K mib^2^ps^ ah, cu, ai, p t^o^we. 
s& $ nfe ^-r nfr (D&m*twfr ^m^mmx* $> & . 

^WO^HOfflStt, G a v A 1 i - v O^v^l) & HI *ffl!l5n 

t gfcfe-r s id 2 £js» t , mm 2 &mm 3 &mm t&sts 

flWMIji^6«:0» B&33fgl&JRJB«U Ni z iS i i- 2 i «&U 0. 4 
^z 1^0. 75)., Pt z2 Si «&U 0. 5^z 2^0. 75), 

Pdz3Sii- Z 3 (fit, 0. 5^z 3^0. 85) vNi z4 N 1 _ z 
4 ttSU 0. 5^24^0. 85) , P d z 5 N 1 - z 5 «SU 0. 5^ 
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B3»2^JRJ1«, Mo, Pt, W, Ti, Ta, Mo x Sii- x , Pt x S 
il-x- W x Sii- x > T i X S i i- x > Ta x Sii- x > Mo x N 
!_ x , W x Ni_ x > Ti x Ni_ x , Ta x Ni- x ({fib, 0<x<l) 

Au, Cu, Al, P t J; 0/j:-5P^II?$tlfc^f 

■jf$%W<DW, G a v A 1 i- v (fi U O^v^l) III JfcflSTC 

2 &M«£££tMftJt*tifift* 5 is. 0 , fc&IBSi l &mmte* 
Ni.yiSii-yi ({fib, 0. 4^yl^0. 75) , Pt y2 Sii- 
y 2 (*fib, 0. 5^y2^70. 5). Pdy3Sii_ y 3 «fib, 0. 5 
^y3^0. 85) , Niy4Ni-y4 ({fib, 0. 5^y4^0. 8 5) , 
Pd y5 Ni-y5 (fit, 0. 5^y5^0. 8 5) <fc Dte££M»£>31tR£ 
tlfcViTn^O^JRJfer^e^O, MiBSi2&KJBfci* Au, Cu, Al, P 
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0 5tt, *&W<D$&10MM<D : &m\Z&Vt2>A 1 GaN/GaN^fDS 
i9H ^BJ(D^3(D^]!i©7#^JC^^§A 1 GaN/GaN|A7Di 

@n[t *mm<Dm 5 ©^©j^^ts g a N^ji-^^sf^ 
012H 6 <Dmm<Di&m\z&wz> g a N^^i-^i#ra 

@13H *^|BJ0^7 <DnM<DmM\Z&nZ>GaN/A 1 GaNl^fD 
|14(t ^0JO^8 ©«©^^*5tj-^>G aN/A 1 GaNlAfa 
015H ^HJ©m9©^JS©^^^SGaN/A 1 GaNlAfD 

m i (Dmm<Dmm) 

0 5 Its *mW<Dm 1 a^JfcflD^t&Kfctt* A 1 G a N/G a N^^O^ 
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tttftSShM- h^>¥7>? (Hetero-Junction Field Effect Transistor ; H J F E 

—~f<DA 1 NAyyyMl 2&mj£2tlZ>. tt7>F-^©A 1 N;ty77l 
1 2 ±Htt7 > G a N?f ^JH 1 3#?Bj££ttS. l*7>F-:7© 

GaN^t^Hl 3±»CttT>H-^©A 1 GaN«f«I14^M$ 
nSo fUT, MA 1 GaNifil&ll 4©±iIfcgLTV~Xil6 S 

DteU MA 1 GaNlfMil 4 £0^-A'i43£M£££ o 

MA 1 GaNifmi 4©liIllilT7-blll 7^ 

h«ffil7-fck A 1 GaNlfiWfrll 4t^>a y h3f 
-m.&M&£Z>o hit 1 7 3 TfcfrS, M3 

JH»S«fi£teU MA 1 G a Ntfftl&I 1 4 ©±3*®fcSrT SN ifl7L 
MN ill 7 1 0±^Itit5Mo 1172, RtfiKM o S 1 7 2 ©±«® 
tgtl.AuIl 7 3 MN il 1 7 1 A 1 GaNSfilSil 

J£fc. GaNiAl GaNCD»^»[^CjBH-rstfX^ffi«l**<k^e 
58tt#ffi3&*K#V^ G a N^*;i/g U^WAlGa Ntfftll 1 4 <h 

>y*X^ (HJFET) htll 7(D«&7?2^7E«^X(D^^ 

§ c ( 0 0 0 1) li&Wrs-y-7 7<73£«l l±t< ^A^^Uxlf^^rV 
^;i/J$* (Molecular Beam Epitaxy ; M B E <i:ffl§T-5) 0 > ®IJ¥ 2 0 n 

m©±fS7> H— Zf(DA 1 NAy7 7l 1 2, fJ|2ym©7>F-7 , ©G a 
t 1 3 Mf 3 0 nm©7> F-^OA 1 0 . 3Gao. 7 N« 

=HM6m i 4 ftuj^fts-a-s. 
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a 0 . 7NII 4®mm3 OnmH mfiE&£.<D&Xmm&J : "e%>Z>o 
&\Z, A 1 G a N*?#*&JB 1 4±fcl«* T i / A 1 fcZto&M&M 

ttfBricU Cin&y— X««6SRlXPW>«i6Dtt, AlGaNtfft 
l&IHiCt-Atti^tS. AlGaNffM114±fc, 

JgjfcU V3 y h^r-y- h«M 1 7 £^£&-r&o A 1 G a N«^ftt&Jl 1 4 
±K> 1 5nmtf>N i £>ft3fd 1 i&IiS 1 7 1 £t^/&U i^l^II 
1 7 l_bt, #$15 nm©Moj&>e>&*Jg2&JRJll 7 2 MH2 
£JIJi 1 7 2±Kl, #£ 2 0 0 nmOAu^^^§i3^Iil 7 3 

i^ffcfHt^tS^I^^^N i j&>S>fc:£^l&JRJI 17 1, ii^lL&^W 
-r*&JRT?*5Mort>&£:<5£2&«J!l 7 2, R^fii^^tt^^ST 
fe5Au^^^3^Ill 7 3 ©3Htt»*36*>e»&S 

t>^» ft^i^^a v h*-tf- Mil 7 to#®tciiiiv^>3 v y*r—n 

u ~> 3 vy 7©fi*i&te«'l"*fc8&» ^3^««1 

7 3tofcteffitt*£WTS&K"T?**j£-rs. ^-LT, ^l^ISl 7 lO^Ii: 

1^111 7 1 £$&3&jrjbi 7 3^o^ic> m^M&%*i'?z>&m-vffif&-r 

-r^:^^, ^1^111 7 l©^JR*t»1f**N iRl/i3#iIl 730 
A u£Jfc«EUtfc, IJI2&JSJ11 7 2®^IttftT»5MoH 
2 6 3 CCifli^fc*, N i t A u <b1&W&W t Ztt't%n U ^Jf 
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tvxm< 0 wm~?z>t, w, 1 &mm 1 7 1 tm3&mmi 1 3t<omzft& 
•?&m2&mmi 7 2^ 1 1^11 7 1 t$&3&mmi 1 3^011^ 

g 1 7 1 <£>&Jli£K£3&JIJl 17 3 CD^JRt©M©*i21£«[A««l«l$n, <ko 
GaNtfil&ll 4 <hfg 1 1 7 1 t©»'>3>; b*-RM©teT 

h^*- Mil 7 ©iitt^±L, * J ?©fi«H4*«lRl±Ufc. 
A 1 GaN«f«il 4Cit§iliIH 7 lS««t5N i 

y3 7h^-i^#^5. JEfc, 13^111 7 3 &ffil&'tZ>Au\$W l iri 
JfcWSV*. foT, ->3 y h^r-^- hM® 1 7*W^>3 y b3r— PSSRtf 

«BE«rttS^'fia , r*S. H6C*V^T, Klftlcy— (A/mm) 

u ^tffttcy— b- fw >*je (v) «iftttSR«iaitr©38ft^iRiy— 
bm^-mjEWfe^u s«»w:jiMaaa©a5^iRi^'- b««E-«ffifttt£^ 

M^CCDjBiViMoilSN i ItAuitOKCjfAtSu tt, 5>3 v h*—*f 
- b«@ 1 7 (DM^fc<Dfa±.(D®mmM*tl1Zo 
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mmzmmnts (w/mm) mmz^mfcmww-hm (mm) & 

£ Z> A° »7 -14ttS©&»;»E&£ nfc. 

— jftSI^J £ bTM o £0U7Kb7c^, #J*fcfto©iS)Bj&£WT5&JK^3!n?M o 
£«fcbTfc±fB3&*#»&n£. Sg2&mjl 17 2 *iSlttJ&& ; £'r 
*£«7C*©te©ftSl«tt» Pt, W, TiRi;Ta*t^ftfc^n6 
KEJESnS'bOTfii&V*. ~§rf3L%>t>> M<yfr*>t3LZ&2&MM 1 7 2 P 
tl, WI. Til, TalCD^WT*tiU#5. 
fJ^b^^M^^Wt-^^Tt^^^x., HI2&«Jil 7 2^«^-r^>^S 

1 7 2Mli5^IWtUT > Mo x S i i-x* «^ 0<x<l)> 
Pt x Sii- x i (fib, 0<x<l), W x Sii- x I (fib, 0<x< 
1), T i X S i i- x i (fib, 0<x<l), Ta x Sii- x i (fib, 
0<x<l), Mo x Ni- x « (fib, 0<x<l), W X N!- X I (fib, 
0<x<l), Ti x Ni- x I (fib, 0<x<l), Ta x Ni- x l (fi 
b, 0<x<l) O^WTlibiS. ^2^II172$IM^« 
5c**V*«^JR3^4li^^«*<btt*©^«M^^«l©i»j*t«. 1 0 0 Ot:^ 
±T&nfc£, ±1S^II£#£-£^bST&£. ft, MA&l 5 0 OTSEUiT? 

*r^>^M7C^TN i SrB^bTt>±IB?im^#e>n«)o S£ 1 17 1 £Hi 
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1171$, P ti^P dlO^fn^Tlibi?.. 

173§Cui, A 1 I, PtI(D^ftl^fiL#§. ft, fg3&MJBl 

MlGaNI«$nfc^ GaNl> InAlNl, InGaNl, I 
nA 1 GaNi, A 1 NJS<h©v-3 y h*— ^M££35>3 y h+-^tl 

L GaNl, AlGaNl, I nAlNE I nGaNi, InAlGaN 

m. a i wmotowptsiKii* im^tsm^mii(D->3 v b*-&m&£ 

3££^nJ£&T&£ 0 fte*^, G a v A 1 i-y (fib, O^v^l) £ III 
#I±fc»i**nfc^l^-t«l*tt5*i#81*flfcioTRWl/fc^ 



WO 03/107431 



15 



PCT/JP03/07676 



(Sl2©^ifi©7fHB> 

@8H &mW<D$&2<DM1fc<D : mMlZ&Vt2>A 1 GaN/GaN^fni 
^mi?-^h^>> f X^ (HJFET) ©£^1tB£^TgB#l8$rW^T&-2>. 
c©h7>yX^lt 7 -T7&& 2 lJifcJBri&Sns. H8^ViT, M 
1^7T-rTS«2 1±\Z. MB2 0 nm07>K-y©A 1 N/ty7 7l2 2 
J&*#jfc£:H, MA 1 NA*7 7ri2 2±icmj92 jnm©7>H — ^©GaNf 
^*;Wf 2 3J)WJ$.%n. ^GaNft^H2 3±fcRJ3 3 0 nra©7>F 
-7A10. 3Ga 0 . 7 N^6ftl>A 1 G aN«fMI2 4«^m>. 

A 1 GaNifM12 4©±«ibTV-7tl6 SRtf 
i6D«$tl5. RV-XiS6 SXtfflt H W >«S6 DH MA 1 G 
aNifii!&i2 4 tOt-Attitt£t5. 

$6i:MGa NifMi 2 4 <o±ti^tty- hrnn 2 7 2>*JM$ 

TV>3. iy-Ml2 7(l A 1 G a Nif i^I 2 4 t © 3 7 h +-tt 

aaast*. mtf-hnm2 7te2mmmmm&^-?z>o ^2 mm 

mm&fe. iA 1 G a N«f il&I 1 40±IICibII 1 5 nmON i 0. 

7 si 0 . 3i2 7i^6mi^nt, mmi&mm<D±.&mz&ism 

f 2 0 0 nm©AuI2 7 2^S)S:Sl2^IIi^6)5:S. iNi 0 . 7 S 
i o. 3^2 7 1**A 1 GaNif«&l2 4t©y 3 y 

hk\ GaNiA i GaNott^jeftafcfiH-rsifxy^aaamfe.krxa 

3§tt#113&*te#^ G a N^**;WB 2 3 <F£>A 1 G a Nf^fl&I 2 4 £ 
>> J 7 > ^ (HJFET) ^r*-h«@2 7©m^t : 2^«^XaS^ 
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fcttmmik*mhR-om^m]&&m? z&mttmtvx, n i y s i i _ y m 
u o<y<i) ftt>izz>mi&m>m2 1 imsmmM^-r^M^^ 

M<D-MT*&Z>N i y S i i- y ({lb, 0<y<l) ttNi-SiP B l0^ 

0. 7 5T^-5, 0. 65^y^0. 7 5 ©^fcte, ®L&^ 1 2 0 

^ 0 Z.(Dtz.ft. SSfifc^^Tfe^a y h+-y~ b«2 7 

Jl^©fSll 2 7 lCD^«<DSftifc*5^«lfti$nS. It> I2^il2 7 

2 0^1i:il^II2 7 l©^JRt©IBfc*Jj"SlS5m*T?©*BSlt1B[t>«Iiei* 

2 7 2 teteffiffisS&WTa&MTffcJfc-r*. — aMMWifcS'a S> h*-^ 
2 7 2©^«t©M^^*i«iaT©ffiSffi1RMtJCKimi^«S2 7 1 

-T^to-fe. 3I1&SJ12 7 10^MI4t^l)N iSilt 12^112 7 
2©^JR«»7?*SAui:lt«bTt), ^©M^i^TcigK NiSiiAu 
©*Sife«3^ttl«l*nsi:*K:«Sl^JRJ12 7 1 **««rs##4Wi'MB&JR 

-y-hm^2 7#SHftfcfcofclBn?%>, I1^I2 7 l^g<bI2^I 
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M2 7 2®&m£<Dm<Dttn&mmn-zn* £ot, z.tHo&mr$<D&&fc 
mmznzo 11^112 7 lUitmmm^^^m^m^n^K mm 

(D&o\zG&ik<DmU\^V, iiSMKlfc^TfcA 1 GaNt?tlSI2 4^ 

^z&^T^tf-hv-pnmfimmzn. i/*y b3r-y-h*@2 7©w 
m^isuu Jt<Dm^ m^<Dmm®irffa±.-?2> 0 tot, ^a^h^-y 

itmm&tTihM&tttTz&mmik&m-eN i s i ^smbx^jifB^iii^ 

P B Tfb£^©ffi©ftMW3, PtSi, PdSi, NiN, Pd N^©ffe©^M 

TtS:t>-*>. ^1^112 7 1 ^Mt5N i S i ^r. P t y S i i- y (fib, 
0. 5^y^0. 75), PdySii-y (fib, 0. 5^y^0. 8 5), 
NiyNi-y (fib, 0. 5^y^0. 8 5), Pd y Ni- y (fib, 0. 
5^y^0. 8 5) ©Vrf*i^Tg&b#&o f 1^112 7 1 4ifi!ctS^ 

ilftltiltlbilo^ifll^loa^il i o o o t c^±T£*U;£, 
±f2^£#3£i:^BgT&3 0 ft, HfcjftJ^l 5 0 O'C&iT&ftfcU: K)W 

^MitM © — tl/TAu^l/fc^ #13- Hflfc <ZM& ^ifiia^ £ & 
^{£^ffi^<£Wrs^S7c^^©AM^J«, Cu, Al, Pt 
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2 7 2£CuJi, All, Ptl0Wl?ilWI5, 12^112 
Sn5JlT*Sfc&* £©BWteJS^TSIKO^©#^©ffllS»&Sfc^- 

^AlGaNlTi^nfc^ GaNl, InAlNE InGaNl, I 
nA 1 GaNl, A 1 NMiKDzsa y b*— 8H»&£:S>'3 V h^-^MM 

fc, G aNl, AlGaNi, InAlNl, InGaNi, InAlGaN 
A 1 NJI©l*l©4>&< h *> 1 Jf ZStemfe^M t © v- a y h^-^M^t 
Sv'ay h^— *&*«fc±IB|»3i£SfflbT'b, ±ffi8&*£H«l©$&*&# 

Tfcfr"^ G a v A 1 i- v UB.U O^v^l) III 

fcm±izMj&t£ nfe7u-±mm&mT2>*mfcmm&M tto xi&ej l/c^\ 

4 

OfiG aN, A 1 G a N^©¥##Prt£«&&£*lfc«fc&#^- MdaStf* 

HI 9 $#ilT^©^ 3 ©^Jfi©7^IS*BiWrs. 
H9tt» *^HJ©m3©HSfi©^^^SA 1 GaN/GaN^fDi 
£fUM»*h5>S?;** (HJFET) ©^ES«l3gSr* , r»5MK»fl50"e&*. 
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£©b^ «u sicii3i±i;M$n§. E9fc£>vvr, isi 

CSI3 1±l:, 7>K-^OA 1 NA*«y7 7i3 2«$tl, M7>F— 
~7<DA 1 NA>7ri3 2±KJlj¥2 £tm(£>7> H — ^/0)G a N/ty "7 t jB 3 
3#*JM£n> l7>H-^©GaNA , y7 7l3 3±^Hi?l 5 nm©7> 
H-^Ino. iGao. 9 NA^^ I nGaNft^H3 4AW^n, 
MI nGaN?t^H3 4±kdiJ?4 0 nm©7>F-^A 1 o. 2 Ga o. 
8 N^<b&£A 1 GaNSfftl&I3 5^J#£n&o 

A 1 GaNifftiI3 5©±IIlCibTy-7Si6 SRtf F W >« 
i6D«$n§. MV-7li6 SMb'K>ll6D«, MA 1 G 
a N«^#^J1 3 5 £ £ £o 

A 1 GaNtf«I3 5©±W:ttT^-hil3 7 

bTV^o ^MI3 7H AlGaNifil&i3 5t©v'3i/h^- 
ft^M^r^^o M^-b«M3 7«3M^S1i3i^*-r^)o -r&fc>t3> S31 
iftJifltifiteU A 1 GaNirf#^jl3 5©±t®CtbN i o. 7 S i 0 . 3 

S3 7 m&i&mm<D±mmi~&^Mom3 72^ 

£>&3l&2£J!l/l<h> il2^II©±iICj|UAul3 7 3^£&£f§3 
^i^e.^. Ni 0 . 7 Si 0 . 3 I3 7 1^^IliIlMlG 
a NH^iS&jB 3 5 £<7»a y h^—teSHttfctS. 

ft, inGaNtA 1 G a N©^titilt5 Hxy#«jlMo£ 
tKg^§'I4^^im^#V^ I nGaNft^JH3 4 4>©A 1 GaNi 3 5 £ 

. (D^@ja^(D^{c«2^7t«T^x^^^n^>o ^um^nm^h^ 

yV7,$ (HJFET) ^-hmm3 7©«&T2#7G«^#7>}ft^£^ 

75:tt*llic^WbS.Oi^^i4^^W-r^#il^i|s|-«hLT. Ni y Sii-y(fi 
U 0<y<l) frt>t£Z>%l&mm3 7 Is ^1M13 7 1 J^MfC^ 
M,ft£W1-3#JlT;fc3Mo^£&&8l2&flJf 3 7 2, &tf{£J£i»£W-r 
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*&JRT<&SAuj&>e>&3f&3&KJi3 7 3 © 3 m&Mm&ft *>fc% £ £T* 

tttt* &mmm<D-m-e&z>N i y s i i- y «&u o<y<D 

ftNi-Si W©*fr&:&#9*V*fc«>, N i D feMT^T*^. 

V<U, 0. 4^y^0. 7 5T$5. 0. 65^y^0. 7 5©i^ 

KWU nkJ&Wftl 2 0 OTDEUi^firKEK* N i £JttfcbTffi#t*SJt 

3 7 s¥##Ji^©si i 371 ©^©^m^fflJfa^n-So 

MiC, 12^113 7 2 0^ItIl^II3 7'l ©&JR£©WIK::&W-*Biia 

3 7 3 «<sfi»t*&wrs^jR'r«tj^-r*. —2f» ^it'>a v y*-? 
?&¥mfom^<D&m<Dm&WL&nu-t2>fc®* ^iiii3 7in 

■hUXT, ^1^113 7 1©^I^3^I13 7 3©^ItOF H 1l:*tt5 
MT©ffiKtSm^i»ih^MlC?i^^-r§^:S6> ft 1 &JKJB 3 7 1^i3il 
S3 7 3 tOWfc, |gl£JgJl3 7 1 <fcDS^iS^Sj!^SWr§^MT^*r 
S^2^SI3 7 2^ft$f5. C*lK:<£D, ^3^h^-MI3 7 

fte*)^ gl^II3 7 1©^JR*T»7?»*N i S iRtf£3&JM3 7 
3©^IWT*SAutM:l!SUT%, H2&J1JI3 7 2©&«*mTfc£M 
ote, ^©1^2 6 3 0^^1^, N i £Au©ffi2i£ffc{;:*rr£A* 
•JtltlTK, Wt* 3&1&S1J13 7 1 ^3^113 7 3 t<Dm 

tzft&t&m 2 ^ii 372^ mi &mm 371^3 3 7 3 £ 
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1^1137 i<D&mtm3&mm3 1 3<D^mt<Dm<D^sM,mmm^n, 

A 1 GaNifMI3 5 i!l^I13 7 1 <hGD#®<7»3 y h^-Pti£© 

^y^mmt^ z. t&x%, ftmz&Kx*>m%fty— hmMvmim&fflfflir 

bfeo tot, y h^-y- hm@3 7^^5/h v v^—nmmsm^ 

^mm<ommx\t. 11^1137 l^mm-r^m^itmrnrntmrnj^^ 
s^JifBto^©— MmnhvxN i s i m^tm^m^ 

tfcW»ti»»J*i**t"*^JRnflS*&*T?N i S i &«tfeUT'b-kHB8&ma« 
Mfc^4&©ffi©Jfc£!0!lfik PtSi, PdSi. NiN, Pd N^O^O^M 

T^fe^, 11^113 7 l&i^t§N iSift,'PtySil-y (fib, 
0. 5^y^0. 7 5), PdySi i- y (fib, 0. 5^y^0. 8 5), 
NiyNi-y (fib, 0. 5^y^0. 8 5), Pd y Ni_ y (fib, 0. 
5^y^0. 8 5) <D^-?tlfrXW&V&2> a ^1^113 7 1^1"^ 

MS^^^M^b^^^^M^'fb^^sii^^, ioo o*c«±T?»n«, 

— jftSl^lt bTM o %MtR bfc#*> ^^.JiffiOSSBfejfiiSW'f S&MtuSITM o 
&MlbTfc±IB8&&a*f#en£. I2M13 7 2S*^-rSiliMjfe*^fr 

z&mTtmfDMo&mmfe* pt, w, Ti^Tamwi^cne. 
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tl, WS, Til, Ta«©Vi*rtl^T?«SIU»S. 

3 7 2S*Jfcb#*£JMmfcbT\ Mo x Sii- x I (fit, 0<x<l)> 

pt x si i- x i (fib, o<x<i>, w x s i i - x ® (fib, o<x< 

1), Ti x Sii- x I (fib. 0<x<l), Ta x S i i- x Ji (fib. 
0<x<l), Mo x Ni- x I (fib, 0<x<l), W x Ni- x i (fib, 
0<x<l), Ti x Ni- x « (fib, 0<x<l), Ta x Ni- x Jl (fi 
b, 0<x<l) Wfnrivr«mb#£o ^2^Il3 7 2«t^I 

7n^v^«^M^b^^^^b^i^©^Mra^^<D]i!!i^«, ioo o'cs; 
_LT&nfc£, ±iB3»**#*;i£***r*rc**. ft, 5 o ot^Jn? 

^M7C^ £>— MMM tlTAu ^^1^ b #1 X. Itm <D1& tr >l£ifitf5 s^-r 3 
&JR^*TAu&11ifcbTfc±tB&*J&*#e>ns. ^3^113 7 3&$ij&-r 
S<£VifiK**^r5^«7C*©^©JftS^J»v Cu, Al, Pt£^ty#*& 
t c bt>;inS>K:^£ft£ ! bGDTte&^o -r&fr^, Au;fcS;&£fl3£JlJa 
3 7 3£CuJf, AIM, P tlO^tWTIibf^. ft, i3^H3 
7 3«, itfJ*£bfc<fc5K:v3 y h^r-y-h*ai©fijS&<S«-rSfc«>fcl9!Jt 

^AlGaNlTi^$n» GaNjl, InAlNl, InGaNS, I 
nA 1 G aNJl, A 1 Nii©ya y h^-ii^iSya y h^p— SK^tffi 

fc, GaNl, AlGaNl, InAlNl, InGaNl, InAlGaN 
Jf, A 1 NJI<Z)l*l£>4>&< lm&^tsmfeTMtO^a y h*-8HJ*§£ 

», h*-&&mm\z±.mffim*mmLTh. ±u^tmm<Dmm^ 
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Z>Z.£&njm-e&Z>° Tfctts Ga v Al i - v O^v^l) &III 

AiGaN, Al G a N^O^KfrirtCi^StlfcUi)^- Mlif* 

Hh7>yX^ (MESFET) ©^»«jt**-r»»IK*f]aHT?**. 
h7>^X^il SiCSS4 1±CffifcSti5. HlOt^T, ms i C 
3£«4 1±fc» 7>H-^A 1 NA'7 7 714 2«^n, M7>H-^ 
©A 1 N/ty7 7i4 2±fcffilJPl Mm«D7>H-7*©GaN;ty77l4 3 
«^ tl, i7 > H-7"0G a NAy 7 7i 4 3±CTIBWI2X1 0 1 7 
/cm 3 RlflftJSl 5 0 nm©nSGaNft^H4 4«$n§. 

nIG aN^t^JH 4 4 ©±tfl:itty-XSl 6 S Rt* H W >« 
!6D«n§. ^V-7.m@6 SMHW >«S6DH l^nlUG 
a t ^JH 4 4 ^Ot-Aftiffl!$ i 5. 

nSG a Nft^JH 4 4 ©±^®l:gl/Ty- h«l4 7 « 
£*l£o iy-htl4 7fl V-X«S6SRr;HH>tS6D^6»IIII 
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SUiflKifck IniGaN5 1 t^H4 4<D±mM\Z&t%N i 14.7 L ^ 
N 114 7 l©±gICgt§MoI4 7 2, MMof4 7 2<Z>±^WKl 
3TT5AUJ14 7 3>^e>&£o RNiI471^ nlGaNf t^JH4 4 

niGaNft^H44W-M!4 7 £©#lBiE#©fiB#£rau ^ 
Sg^/&£*l5o ^I-¥i#lfMb7>^^ (MESFET) teU 
MI 4 7 flJJ^f It 5 u 1 1 i 0 , h7>^iUT 

I nGaNfctt#ife*.T*>«fcV>. 

*mm<Dmmz&\i*x* hmm4 1 <Dmm\z. m 5 tc^b^m 1 o^ss 
(Dmmz&tf%>>f--hnmffiT&i 7 tmvT°$>z>o rnm-t&t.. ^mm^m 
\ts ms^vfumKommomm^n^y-hnmmmi 7&, GaN^ 
^m-^uwn,m^v^>^^ (mesfet) \zmmisfz%<Dx$>z>o 

fotfc*P$:£Wt"5^MT&£N i ;d^7S:5^1^Il4 7 1, EGV>ttj£&W 
miTJbl>Mo^6)5:§I2^JII4 7 2, Wigfilfi^^Wr^^T 

m*M]&?z>fr&\z, fi^ii47 1 \t±^t^itmmm^m-r^mxm0z 
7 3\zi&m,ffim&^%&mxmf&irz> 0 ^lt, ^1^114710^1^ 

13^114 7 3 <D&mtomi,Z&tf%mWLX<DteK$;m&®±-?2>tzib. W, 
l&HJf 4 7 1 £ISt3&jRJl4 7 3 £(Dm\Z. ilV«^=£f tS^ItMt 
^2^114 7 2^^5, Cin^cfcD, yayf+-y-Ml4 7 
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?tzt>i=>. mi&mmi 7 KD&mttmx&zN i%.zsm3i&mm4 1 3<d 

J t(Dn&-t) i %)2 6 3 0X:hM^tztb, N i t Au (DffiMtemztt-f % A*U "VP 
tlTK, &m-r5£, 11^114 7 1 £fg3&SJ14 7 3i©f4^ 
t^2^H4 7 2d*, m&mm4 7 1 ti3^H4 7 3<±:«9iSV^^ 

147 1 <D&mtm3&mm4 1 3©^^©p^©*as&m^«J^n> 

f t ^;H4 4^1^H4 7 1 £©jmc7»3 y Y^—^t^^^MU 

*$mowmx a, s 2 &jrji 472 srtttj6&#*rs£K7c*© 

£11JftbTfeJbfB2&*J&*»5n£. 12^114 7 2 

i&JR7C*<Dffi©jfc3!0>lfcL Pt, W, TiTOa^WfL^un6 
kHSSSnSfeOTtt^Vi. fte*^ Mo*^fe5l2^Il4 7 2S, P 
tl, WI, Til, TalO^tnraili^. 

4 7 2£*J£U§£&«*«4<!:1/T\ Mo x S i i - x Jf «fiU 0<x<l), 
Pt x Si l-x* W&U 0<x<l), W x Si!- x l ({aU 0<x< 
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1), T i X S i i- x l (fib, 0<x<l), Ta x S i i- x » (fib, 
0<x<l), Mo x Ni_ x jl (fib, 0<x<l), W x Ni- x Jl (fib, 
0<x<l), Ti x Ni_ x g (fib, 0<x<l), Ta x Ni- x I (fi 
b, 0<x<l) <DVrf*l^Tg&b#3o ^2iI14 7 2§Mt^l 

7tm^^mmi\:m^m^itmm(D^mmit^m<D^mt, i o o ox:sk 

T^^STEiTN i £»&bT*>±fB^II^#£n£o fH&jSJl4 7 1 £ 4ft 
1471^, P t MRZSF d«<DViTn^TS^b#^>o 
^TcmTAu^tt^bTfeilB^im^^n^,, HI3&MJ14 7 3 &mi&T 

^^Wffi^^^M7tm<Dm.(Dmmm\^ cu, ai, pt&^tta*& 

•fb , bdn&telB5££ftS , &<0Tfc*fc:V>. ffcto"^ Au;fc£&3J£3:&KJl 
4 7 3^CuI, All. P t JB(DVi-rn^TS^b#^>o ft, I3MI4 

<« 5 ®&16<Z»&tB) 

gzYzryVX*? (MESFET) ©£3^iS£*TSR#IKtf®EI"efcS. 
JfiOJ^SItt, EJl 0^T^4(D^©^^43^^y-h«@4 7$. 08 
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MKDff*fc£(*« G a N^-¥ifWIM» h7>i?X^ (ME S F E T) 
t^Cijl^UTfeS. tot, 0 8lC^-rS2(D^|g(D^JC^^^>y- 

m 6 ©ms©^) 

fh7>^ (MESFET) ©^ijHSWIIIi-e*^. *m 

momm^ 0 1 o ic7Rts4 ©ni©f Hi:* wsy- Mi4 7 09 

Jg(7)^^fe^^> G aN,^^I-¥i#tt#M h ^ >5>X* (MESFET) 
tfciittHUT**. fot, @ 9 3 ©^II©f Il^tt^y- 

mxg&mo&mttn<DffiWh*mm<Dmm\zMm'tz>z£-c. mrnmrn^ 
■rr*. 

(^7 o&ttojgflB) 

wz, mis &&m\sT*&m<D$& 7 (Dm-mom^mmt^o 

t^Mh7>yX^ (HJFET) <D^m7&&7f;-?ffiftffitWrWm-e& 

^CDh7>i?X^H GaNSt5 l±KJ&ric$n«>. 0 1 3 tc&wr, 
KGaNS=fS5 1±^T>H-^A 1 NA'y7 7l5 2#*JW£*U 
K — 7<BA 1 NA'777l 5 2±{CHJP1 iim©7> K-7"©G aNf t^V 
15 3^^$n, 87>H-7*OGaNft^H5 3J:CTiliIg2X 
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1 0 1 8/ cm 3 RZSmm3 0 nmSttSniA 1 o. 2 Ga 0 . 8 N*>S 
i^SnlA 1 GaNifMi54)itM$n, IniA 1 GaNtfft^l 
5 4±l:7>H-^OGaN5 1 t^H5 5>W/j££n£o 

D*W^n§. iV-^il 6 S M H l/'T >1S 6 D ft, iGaNft 

SSfc, GaNft^H5 5©±^Sl:SbTy-hii5 7#*JBjj£3ft 
S» Ky-bmS5 7tt, V-Xttl6SRi;HW>ll6D^&iritT. 
US, |^-hii5 7(i GaN^^;H5 5 t©->3 y h^-ttSHB* 
t%>o mtf-hMMS 7«2®^S«3tSWTS. ^2lHiiil 
tt, iniGaN?t^H4 4©±SftgTSN i 0 . 5Sio. 5 15 

7 lfr&fc&mi&mm* s^ii 1 ^io±sn:it5 Aui 5 7 2& 

&J5:5^2^«IA^^. iNi 0 . 5Sio. 5 I5 7 1^GaNft* 

GaN?t^H5 5<*>©A 1 GaNlf«&l5 4tO^®l§}:f4, 2 
#7cm^#X3WJ&£ns. .^fn^I^h7>yX^ (H J FET) 
tt, y— ht@5 7(Z)«feT2^7C« : ?^7,^m^^SS"rsci<i:^J:D, 

*^JS©7^HT«, 3^*;Wi&GaNteJ;?)*j£bfc#*, ^§InGa 

©j^sifc^tj-sy— h«s«i5fi2 7 mm-rs^, ^mm^mm 

H8^bfe|g2<J!)*Jfi^JI^*^*y-h«ffi«tjfi2 7$GaN/A 
1 GaN^fD^MIh7>vX^ (H J FET) fcjifflLfc'b©*? 

So 

i^ttfit^tbl^^^^tt^^IOTitT, N i y S i 1 _ y (ii 
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U 0<y<l) ^6^1^115 7 lR^iS^^Wr^^MT^S 

iCD^JT^5NiySii-y (fib, 0<y<l) ttN i - S iMO»^ 

0. 7 5^5. 0. 65^y^0. 7 5©i^dl i!^12 0 

0^±i:#t{:i«<, N i «hit^LTStrL^ilQfe^$<^D$f^b 

JB^fg 1 &MM 5 7 1 <D^M©^m^©I^n^>o It, 5 7 

5 7 2ttteftlSt**Wrs^STf«l^-r*. *WWt'/a*; h*— ^ 

•T^fc^. ^1^115 7 lC^Itra^N i S ite, ^2^115 7 
2©&JimttT*SAu£tt;8EbTfe* ^©Itt^ffiV^*, N i S i tAu 

-y-h«fi5 7«tftofc^tfe, ^1^115 7 l(D^M<fc^2^P 
JB5 7 2©^Mi:©F B 1© ; l : BS^m^»J$tl, «fcoT, £ft&&JRM©<&fc<fc; 
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pjg 5 7 i tofmo^a y h=£— P>S©ttT**|llWt"*Jl2:* J T?*» ilSfifc 

tt»ftiKlW*fc***r***Mfl5*«^N i S i t«|UT*±Ea**i 
Hfc^«<D«©AS10!fck PtSi> PdSi> NiN. PdNfOffiO&M 

T&fot^ 11^115 7 l£*j£"r*N iSi£> P t y S i i-y «&U 
0. 5^y^0. 75), Pd y Sii-y «IU 0. 5^y^0. 85). 
Ni y Ni_y «&U 0. 5^y^0. 85), Pd y Ni_ y (fib, 0. 
5^y^0. 8 5) flDVi*rn^TflHftb#*. il^H5 7 1^Mt^ 

M^bW^jRS-fbWo^Rra^^^wi^ttv ioo o'ceuiT&ntf, 

£bV>o 

&«7n*TAu£«&bTfe±IB&**MS&n*. f 2^115 7 2 **^*T 
5 7 2£CuJl, A1E P t S©V>md^T?«Slb»*. f 2^M15 
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7 2\ts mmVfc.£ : D\Z>>3y h*-¥-h^&<Dfflfc&&®,~?Z>frM~Wlft 

fe-smm^v^y-jx? (hjfet) <D^mmm&7j<°?ffiftmmmmT& 
@5 \z^"m i (Dmmvi&miz&tf&tf— bmm 1 7 ciibfc^ii, 

ffl 7 ©^OS^Ilfc&ttS G aN/A 1 G aN^ArDi^f^h7>^ 
(HJFET) t J £<DW&femVT*&Z>o 0 5 \Z^.-tm 1 O^Jfi 

mw**MiM<Dmn\zhmm't2>z£'z* wmm*%v&~?%>* isu y-hn 

)k\Z, g|15 &#iUT^BiOl9 ©HlOf 

01 ^BJCD^9©HJ|(DM}C43^^G aN/A 1 GaNlAjD 

m&nRm&h^yvTs? (hjfet) o^mm^t ^tmmwv$> 
% e ^iofif4> mi 3\z^m7 (omMni&t&iz&ttzy-h^ms i 
^,@9 \ZTFrrm 3 ©snjfi07^jBt*5^*y— h*« 3 7 Kg&bfcewa, 

!67CD||Jfi<Z>7^IHc:*5W«5GaN/A 1 GaN^jni^iWh7>^ 
7^ (HJFET) <h^CD^ii«|liDTS-?)o f^T, 0 9^^3^11*1 

ommz&ftzr— hnmmm3 7 ^htc^-rmmcD^m^hMizm-r^nmfs: 
mw**nn<DMm\zhmm-rzz\t~e. mmmm^mm-r^o f-vm, 
mw&k3 7 tvTW&x*g%m(D&mm<DMWh*MM(D&m\zmm-fz>z\ 
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@£Ni, Pt, P d<D^'tnfr\z£.iO]&l&'£tiZ>f&l&Mm. Mo, Pt, 
W, TL Ta, Mo x Sii- x « P t x S i i - x , W x S i i - x , T 
i x Si i- x , Ta x S i i- x , Mo x Ni- x > W x Ni- x , Ti x 
Ni- X > Ta x Ni- x «BU 0<x<l) ©ftcDVvTn>W£<fc Dt«£ 

n%m2&mm, au, cu, ak ptc^^fn^aoMsn^ 

ft®. V- 3 V Y m^&M < x & '>3 7h ^M^tt £ n& o 

SK, ->3 V h^-»^*tt*N i y S i 1 _y, PtySi l_y, Pd 
y Sil-y> NiyNl-y, PdyNl-y (fib. 0< Y < 1 ) © 

nfr\z£.K)j&i$i£n%>mi&mm. au> cu> ak p t ©^ovifn^^ 

tt, ~>3 y ^^-^^W-r^*^^^GaN^ib'&tl¥^#g«^ilffl , ^^ 
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1. G a v A 1 i-v U&^> O^v^l) &mll6fll7C*©£j&#£:bN 

2. iEil^HH Ni, Pt, Pd, Ni z Si i- z , Pt z S 
i ! _ z , Pd z Sii- z , Ni z Ni_ z , Pd z Ni_ z mV. 0 < 

Z <i) j:Dfe*»3^6»*nfcv>"rn^©&«#»3& i 5fet)» 

ieiBB2^JRJBtt» Mo, Pt, W, T i > Ta, Mo x S i i- x , 
Pt x Sil-X' W x Sii- x , Ti x Sii- x , Ta x Sii_ x « 
Mo x Ni- x ,W x Ni- x< Ti x Ni- x > Ta x Ni- x ({&U 0 
<x<l) J:D»:S*3^6aiR*nfc^t , n3^©^P*J»3^6tt»l»*3Hlfc 

3. sais»3^jRji«» au, cu, a i > p t ^y-tezmfrbmiR-zn 

4. m&mi&mm\t. n i z i s i i- z i «au o. 4^z 1^0. 

75) , Pt z2 Sii- z 2 «^b> 0. 5^z2^0. 75), Pd z 3 
Si l-z 3 OffiU 0. 5^z 3^0. 85) , Ni z4 Ni- Z 4 «BU 
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0. 5^z4^0. 85) , Pd z 5Ni_ z 5 (fib, 0. 5^z5^0. 

MfBlfl 2 &mm\$. Mo, Pt, W, Ti> Ta, Mo x Si i - x , 
Pt x Sii- x > W x Sii- x , T i X S i i - x , Ta x Sii- x . 
Mo x Ni- x , W x Ni- x , Ti x Ni- x > Ta x Ni- x ({&U 0 

<x<d &r>fc%ffifribmfcznr£^nfr<D£mttnfrZte%^ 1 Mi 

8. MfB^2^P«©M^«, 1 0 0 0"C^JiT^^>a^l lZ$m<D¥ 

10. MfB^teU ^yy^^mm^ S i CSt, GaNS^0?iW 

11. taiB^iW. Al u Gai- u Nl (ilU o^u^D^e, 
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12. BufB^^Jf GaNSft^ift^t^Hlfc^*^ 

g a N^»f»M^iT^^i^ i izmmo^mfommo 

1 3. fi&fBG aN^^^^t^iUfiG aN&tf I nGaNJ;^ 
jf&SteA 1 GaN^S^Ml 2 ^IB*0¥3»#fe«. • 

14. ffflE¥3MWBtt» G a N^^i^^tf i«&I± W^tlfc 
GaN^b^i^t^^itfeSiMlfclEiC^Mt. 

1 5; gjfBGaN^b^^^^^Ji^G aNRtJfl n G aN<£.D£i: 
3&J1«A 1 GaN^MW^Il 4JCfBmo¥#^S. 
1 6 . flf|B¥3MfrJli&*> n^G a Nft^Ht^5»fS 1 fc|3ffe©#^ 

17. Ga v Ali- v 0©U O^v^l) £ III KAHtES! bN 
INB* 2 OMR. MB* 1 «fc 0 ttttWttV>*M*tt# 6fc 

1 8. MIBB1 NiySil-y, p t y S i l-y, PdyS 
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ii_y, NiyNl-y, P d y N 1 - y «BU 0<Y<1) 

19. fu*fBSf§2r&JHJIte, Au, Cu, Al, P t i0&5»^51^n 

20. mmmi&mmfc* Ni y is i i- y i «au 0. 4^yi^ 

0. 7 5) » Pt y2 Si i- y 2 0. 5^y2^70. 5), Pd 

y 3 S i i - y 3 MSU 0. 5^y3^0. 85) ,Ni y 4Ni- y 4 (fi 
U 0. 5^y4^0. 85) > Pd y5 Ni- y 5 (fib, 0. 5^y5^ 
0. 8 5) «k0fe**^63^*tlfcV^n^©*JR*J»3^6fe*BI*9|l 7 

2 1. gftflB&2&JRJi&. Au, Cu, A 1 , P t «fc O^^SI^n 

2 2. ltfIIEf&l&JS«te> WB*2^JRJi«fc0tt*H**«**Vi|»*Bl 

2 3 . HUfB^ 1 ©HSiJ&fck 1 0 0 OTCBUiT***!** 1 7 KfB«© 

%&mmm±\zmj&i£nx\,*2>m?m 1 7 {ciB«<D¥S#^eo 

2 5. MfBS&te, iJ-7 7^ftSS, S i CSfc GaNlftiOftS^ 
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2 6. MI!*S#I^ Al u Gai- u Nl(fiU O^u^D^S. 
2 7 . HufB^S#®«, G a NJS-fb^^^ir^JVBiKl^^Snfc 
2 8. IMEGaNS^W^^fr^^^JittGaNR^I nGaN£0& 

2 9. HHBaMMWIfcJu G a N»M¥f#*f «*&I±t»J«*^fc 

3 0. ifBG a N^l^i^ift^t ^;HBG a NR^ i nGaNJ;^ 
IfemteA 1 GaN^5«*S2 9 

3 1 . KflB^MIttJirt^ nIG a N3^*;Wre&*»#3i 1 7 fctB*©¥ 
3 2. Ga v Ali- v C-fiU O^v^l) & mlJSfi87G*©£fifc#£l' 

iftgBfg 1 #JHiite. N i , Pt, Pd, N i z S i i - z , Pt z S 
i !_ z , Pd z Sii- z , Ni z Ni- z , Pd z Ni- z (fiU 0< 
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fufSfi!2&mJlte, Mo, Pt, W, Ti, Ta, Mo x S i i- x , 
Pt x Sii- x . W X S i i_ x , Ti x Sii- x . Ta x Sii- x > 
Mo x Ni- x , W x Ni_ x , Ti x Ni- Xv Ta x Ni- x ({lb, 0 
< x < 1 ) J; X> teZWfr ZMIRZntc^'TtlfrO&mWftfr *> & 0 » 

H&fBSB3&JWBte, Au, Cu, A 1 , PtiD^f^&l^n 

3 3. Ga v Al 1— v H^U O^v^l) £ in im$7iM<03tf$.ft h b 

t&IBB 1 NiySil-y, PtySil-y, PdyS 

i !_y, NlyNl-y, PdyNl-y b , 0< Y < 1 ) 

«&IB^2^«Htt, Au, Cu, Al, Pt«kD^S^511RSn 
3 4. Ga v Ali_ v USb, O^v^l) £lIi;^#j7G2£©3EJ&#£:b 

n & vmotcs ©£/&# tn ^ e> & s » t > m*mfcm 

1 ^11 fc»«-r sfi 2 &js« 2 &mm izmm-t z>n 3 &m t 
mzmi&mmfe. n i z 1 s i i- z 1 «au 0. 4^z 1^0. 

75) ,Pt z2 Si 1 _ z2 (fib, 0. 5^z2^0. 75), Pd z3 
Sii-z3 Ufik, 0. 5^z3^0. 85) , Ni z4 Ni- z4 <fi^ 
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0. 5^z4^0. 85) > Pd z5 Ni- z 5 (tt, 0. 5^z5^0. 

tm&2&mm\** Mo, Pt, W, Ti, Ta, Mo x S i i - x , 
Pt x Sii-x>W x Sii- x > Ti x Sii- x « Ta x Sii- x , 
Mo x Ni_ x , W x Ni- x , Ti x Ni- x , Ta x Ni- x (fib, 0 

< x < i ) <£ x) tz&mfr p>mmzmtK~?nfo<D&mttftii> e» & t> , 

MlBSfl3&JSJl«, Au, Cu, Al, P t±D SMRSn 
35. Ga v Ali- v (fib, O^v^l) £ HI ftttTC*©^^^ b 

IMB&l&JRSfcJU NiyiSii-yi (fib, 0. 4^y l£0. 
75) , Pty 2 Sii-y 2 (fib, 0- 5^y2^70. 5), Pd y3 
Si i - y 3 (fib, 0. 5^y3^0. 85) , Ni y 4Ni- y 4 (fib, 
0. 5^y4^0. 85) > Pd y5 Ni- y 5 (fib, 0. 5^y5^0. 

wimm2&mm\t. au, cu, ai, p t &vis2>mfr*>m$i-zn 
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